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@ A filter. 

@ A filter for use in radio apparatus, the filter 
comprising a plurality of isolated ceramic resonators 
each having an input and a plurality of variable 
capacitance means for electronically tuning respec- 
tive ceramic resonators and that the inputs of adja- 
cent ceramic resonators are coupled via a first cou- 
pling path and also via a second coupling path, the 
first coupling path being composed of a fixed ca- 
pacitance networl< and the second coupling path 
kjeing composed of a cascade arrangement of a first 
said variable capacitance means and a second said 
variable capacitance means, the relative values of 
the capacitances forming the first and second cou- 
pling paths being such that the overall coupling 
between the resonators remains substantially con- 
stant during the electronic tuning of the resonators 
by the variable capacitance means. 
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The present invention relates to a filter for use 
in radio apparatus, the filter comprising a plurality 
of resonators and plurality of variable capacitance 
means for electronically tuning respective resona- 
tors. The invention also relates to a radio apparatus 
comprising such a filter. 

Such a filter is known and is used in the front 
end of the Philips FM1000 mobile radio receiver. 
This filter comprises a plurality of resonators or the 
parallel LC type wherein the coupling between ad- 
jacent resonators is achieved by capacitive circuit 
elements rather than by electromagnetic coupling 
between the resonators themselves. These resona- 
tors have a high impedance and the capacitance of 
the variable capacitance means need only be a 
relatively small value to tune the resonators which 
does not seriously affect the perfonnance of this 
filter. However these resonators have the disadvan- 
tage of being large and do not lend themselves to 
mass production. Furthermore the resonators in 
this filter have the further disadvantage of requiring 
shields and also requiring an isolated board for the 
high voltage end of the resonators. 

Front end filters are of two general types, 
namely broad band fixed frequency filters and nar- 
row band tunable filters which can be mechanically 
or electronically tuned the latter of which the 
FM1000 front end filter is an example. These nar- 
row band tunable filters are more suitable for use in 
areas where there are a large number of transmit- 
ters and receivers and interference is a problem. In 
recent years it has been known to use bonded 
pairs or triplets of ceramic resonators in broad 
band fixed frequency filters where the coupling 
between the ceramic resonators is obtained purely 
by electromagnetic coupling and not by circuit ele- 
ments. A filter is proposed consisting of a plurality 
of isolated ceramic resonators coupled via exter- 
nally connected circuit elements. Isolated ceramic 
resonators have a low impedance and require a 
relatively large capacitive loading for electronic tun- 
ing. When these resonators are configured in the 
proposed fitter and are electronically tuned, the 
coupling between adjacent resonators becomes dif- 
ficult to control, in that the coupling co-efficient 
varies over the tuning range and the losses intro- 
duced by the tuning capacitance degrades the 
effective resonator Q. 

It is the object or the invention to utilize ce- 
ramic resonators in tunable filters and minimize the 
disadvantag s regarding their use in such filters 
and to this end the inventi n comprises a filter for 
use in radio apparatus, the filter comprising a plu- 
rality of Isolated ceramic resonators each having 
ass ciat d therewith and coupled to an input th ro- 
of a variabi capacitanoe means for electronically 
tuning the associated ceramic resonator, wher in 
th Inputs of adjacent ceramic r senators are coup- 



led via a first coupling path and also via a second 
coupling path, the first coupling path comprising 
fixed capacitance m ans and the second coupling 
path comprising at least a cascade arrangement of 
5 the variable capacitance means associated with 
one of the adjacent resonators and the variable 
capacitance means associated with the other of the 
adjacent resonators, the relative values of the 
capacitances included in the first and second cou- 
10 pling paths being such that the overall coupling 
between the resonators remains substantially con- 
stant during the electronic tuning of the resonators 
by their associated variable capacitance means. 
Therefore the insertion loss of the filter will remain 
75 substantially constant and the performance of the 
filter will not be seriously degraded. Moreover ce- 
ramic resonators are relatively small and lend 
themselves to mass production. Furthermore the 
filter avoids the use of shields, and does not re- 
20 quire an isolated board. 

In a preferred embodiment of the invention the 
second coupling path comprises a coupling capaci- 
tance which is common to both the variable capaci- 
tance means associated with one of the adjacent 
25 resonators and the variable capacitance associated 
with the other of the adjacent resonators. This 
coupling capacitance will assist in the enhancing of 
the coupling at the low frequency end of the tuning 
range so as to provide constant coupling over the 
30 tuning range. 

In a further prefen-ed embodiment of the inven- 
tion each variable capacitance means comprises in 
series a varicap diode network and an associated 
capacitance, wherein the coupFing capacitance is 
35 coupled to the junction between the varicap diode 
network and the associated capacitance. 

Embodiments of the invention will now be de- 
scrit)ed in more detail, by way of non-limitative 
example with reference to the accompanying draw- 
40 ings. 

Figure 1 is an electrical schematic diagram 
showing a filter in accordance with the invention. 
Figure 2a Is a view of a ceramic resoriator used 
in the embodiment shown in Figure 1 . 
45 Figure 2b Is a cross-section of the ceramic 
resonator of Rgure 2a. 

Figure 1 depicts a narrow band electronically 
tunable filter 1 that is suitable for use In the front 
end of a UHF radio receiver. The filter 1 consists of 

50 a two pole filter section 2 and a three pole filter 
s ction coupled thereto via a RF amplifier 5. For 
th sake of simplicity the coupling b twe n th two 
pole and three pole filter sections is n t shown, 
however in this embodiment the output 6 of the two 

55 pole filter section is coupled to the RF amplifier 5 
the output of which is coupled to the input 7 of the 
thre pole filter 3. both lines 9 and 10 being short 
circuited to ground. The received RF signal is 
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supplied to the two pole filter section 2 via input 4 
of the filter and the output signal of the filter is 
supplied on output 8 of the three pole filter section 
3. Whilst this preferred embodiment is limited to a 
two pole filter section in combination with a three 
pole section, the invention is not limited to a filter 
having a specific number of poles. Other multi-pole 
filters in accordance with the invention are envis- 
aged having a similar ladder network to the em- 
bodiment depicted by Figure 1 . 

The two pole and three pole filters sections 2,3 
in figure 1 each have a number of ceramic resona- 
tors 11 each of which have a liigh dielectric con- 
stant of the order of 93, an unloaded Q of typically 
400 and a low impedance of the order of 6 Ohms. 
A ceramic resonator 12 of the kind used in the filter 
1 is depicted in Figures 2a and 2b. The ceramic 
resonator 12 is electrically equivalent to a quarter 
wavelength transmission lino terminated in a short 
circuited end. The ceramic resonator 12 comprises 
a rectangular block 13 of high dielectric material 
having an aperture 14 passing longitudinally there- 
through, the dielectric block 13 is metalized on the 
outside of the block and on the inside of the 
aperture thereby creating the transmission line, the 
inner 15 and outer 16 metallization are joined at 
one end 17 thereby short ctrcuiting the transmis- 
sion line, the input 26 (Fig. 1) of the resonator 
being provided by a conductor 19 coupled to the 
inner metallization, the shorted end 27-1 (fig 1) is 
provided by a conductor 18 coupled to the outer 
metallization at the end 17. 

In the embodiment depicted in Figure 1, ce- 
ramic resonators 1 1 are chosen to have a natural 
resonant frequency of typically 50MH2 higher than 
the highest frequency in the desired tuning range. 
The input 26 of each ceramic resonator 1 1 is end 
loaded by means of the series combination of a 
varicap -diode network 20 and an associated ca- 
pacitance 21 extending between the input 26 and 
ground via lines 9 and 10. the shorted end 27-1 of 
the resonators being coupled to ground via lines 9 
and 10. The total capacitance across each resona- 
tor 11, provided by the varicap diode network 20. 
its associated capacitance 21 , the coupling capaci- 
tance 35 and other end loaded capacitances, are 
chosen whereby the natural frequency of the reso- 
nator 1 1 will be lowered to within the desired tuning 
range. The capacitance of the varicap diode net- 
works 20 are varied by supplying an appropriate 
bias voltage on the DC supply Input 23 whereby 
the resonators are able to be electronically tuned to 
a nominated frequency within the desired tuning 
range. The varicap diode networks 20 each com- 
prise a group of four varicap diodes 24 arrang d in 
opposed pairs of parallel connected varicap diodes 
Such a configuration of varicap diodes 24 Is prefer- 
able to using only one varicap diode sine a reduc- 



tion of intermodulation distortion is achieved with- 
out adding any extra loss. Coupled between the DC 
bias vottag input 23 and the varicap diode network 
20 is a relatively high series resistance 25 and a 

5 bypass capacitance 27 The resistance 25 isolates 
the low impedance of the DC bias supply from 
loading the resonators, and the bypass capacitance 
27 prevents any RF signals from being supplied to 
the DC bias supply. A relatively high resistance 28 

w is coupled across the associated capacitance 21 
and provides a DC return for the bias current of the 
varicap diode networtc 20. The resistance 28 has a 
negligible shunting effect on the resonator and 
does not noticeably affect filter performance. The 

75 signal on the output of the two pole filter section 2 
is fed via the RF amplifier 5 so that the SIN ratio of 
the signal does not significantly deteriorate beyond 
the amplifier. In other preferred embodiments the 
RF amplifier may be omitted. The filter is also 

20 provided with a input matching capacitance net- 
work 29. a output matching capacitance network 30 
and RF amplifier matching capacitance network 31 . 
Coupling between adjacent resonators occurs via a 
first coupling path 32 and a second coupling path 

25 33. The first coupling path 32 comprises fixed 
capacitance 34 in the form of a T-network and the 
second coupling path 33 comprises the varicap 
diode networks 20 of their respective resonators 11 
together v^rith their associated series capacitances 

30 21 and a coupling capacitance 35. The fixed ca- 
pacitance 34 may in other embodiments be re- 
placed by a single capacitance or another netwbri< 
capacitance. Similariy the coupling capacitance 35 
may be replaced by a network capacitance. 

35 In operation, the first coupling path 32 provides 
satisfactory coupling at the high frequency end of 
the tuning range which is not adequate for the low 
frequency end of the tuning range whereas the 
second coupling path 33 enhances coupling at the 

40 low frequency end. This an-angement maintains 
filter insertion loss essentially constant over the 
filter tuning range. 

The relevant values of the coupling capacitan- 
ces comprising the first coupling path 32 and sec- 

45 ond coupling path 33 are determined from the 
coupling co-efficient for the desired bandwidth, in- 
sertion loss and response. As the capacitance of 
the varicap diode networks 20 across each resona- 
tor will change with tuning, the value of the cou- 

50 pling co-efficient will vary over the band. This is 
controlled by the second coupling path 33 which 
incorporates the varicap diode networks 20 and 
coupling capacitance 35. The desired total coupling 
capacitance at each end of the tuning rang is 

65 calculat d and the diff rence between th desired 
capacitance at the (ow frequency end and the 
coupling capacitance due to th first coupling path 
at the low frequency end, is constructed from th 
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second coupling path. The total reactance from the 
coupOng network forms part of the overall resonator 
loading. The filter input and output matching ca- 
pacitance as well as the RF matching capacitance 
are also part of the overall summation and are 
chosen to be small as possible to maximise the 
available tuning range. 

There may be a tendency for there to be a 
variation in insertion loss even though the coupling 
remains constant because of the losses introduced 
by the varicap diodes. This may be overcome by 
deliberately increasing the filter coupling co-effi- 
cient at the low frequency end. However, this in- 
creases bandwidth and the image rejection speci- 
fications may not be met. The actual filter coupling 
co-efficient can be chosen so as to minimize inser- 
tion loss with acceptable image rejection. 

As will be apparent from the foregoing, various 
modifications and/or additions and/or subtractions 
to the above embodiments are possible without 
departing from the scope of the invention. 



in any one of th preceding claims. 

5. A radio apparatus substantially as described with 

reference to the accompanying drawings. 
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Claims 

25 

1. A fitter for use in radio apparatus; the filter 
comprising a plurality of Isolated ceramic resona- 
tors each having associated therewith and coupled 
to an input thereof a variable capacitance means 

for electronically tuning the associated ceramic res- so 
onator, wherein the Inputs of adjacent ceramic res- 
onators are coupled via a first coupling path and 
also via a second coupling path, the first coupling 
path comprising fixed capacitance means and the 
second coupling path comprising at least a cas- as 
cade an-angement of the variable capacitance 
means associated with one of the adjacent resona- 
tors and the variable capacitance means associated 
with the other of the adjacent resonators, the rela- 
tive values of the capacitances included in the first 4o 
and second coupling paths being such that the 
overall coupling between the resonators remains 
substantially constant during the electronic tuning 
of the resonators by the associated variable capaci- 
tance means. 45 

2. A filter as claimed in claim 1, wherein the 
second coupling path comprises a coupling capaci- 
tance which is common to both the variable capaci- 
tance means associated with one of the adjacent 
resonators and the variable capacitance associated 50 
with the other of the adjacent resonators. 

3. A filter as claimed in claim 2, wherein each 
variable capacitance means compris s in s ries a 
varicap diode networic and an associated capaci- 
tance, wherein the coupling capacitance is coupled 5S 
to the Junction between the varicap diode network 

and the associated capacitance. 

4. A radio apparatus comprising a filter as claimed 
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@ A filter (1) for use in radio apparatus, the filter 
comprising a plurality of isolated ceramic resonators 
(11) each having an input (26) and a plurality of 
variable capacitance means (24) for electronically 
tuning respective ceramic resonators and that the 
inputs of adjacent ceramic resonators are coupled 
via a first coupling path (32) and also via a second 
coupling path (33). the first coupling path being 
composed of a fixed capacitance network (34) and 
the second coupling path being composed of a 
cascade arrangement of a first said variable capaci- 
tance means and a second said variable capacitance 
means, the relative values of the capacitances for- 
ming the first and second coupling paths being such 
that the overall coupling between the resonators 
remains substantially constant during the electronic 
tuning of the resonators by the variable capacitance 
means. 
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